Peroxidases are haem-containing enzymes which catalyse the reduction of hydrogen peroxide by different organic substrates. Plant, fungal and bacterial peroxidases are evolutionarily related and constitute the plant peroxidase superfamily, which can be divided into three structural classes. Class [7] show that an extended H-bond network connects the proximal to the distal side of the haem cavity through the distal water molecules, the distal Arg, the propionate groups of the haem, and the proximal His H-bonded to the oxygen of an aspartic residue.
(Soret band) and 500-600 nm (Q band). Configuration interactions and vibronic mixing between these transitions produce different resonance effects in the RR spectra which can be selectively studied by exciting the samples with different excitation wavelengths. In particular, the 1300-1700 cm-' region of the RR spectra is characterized by strong bands, called core size marker bands, whose frequencies are markedly affected by the co-ordination, spin and oxidation state of the central Fe atom. In addition, the vibrational modes of the vinyl substituents, which are conjugated to the porphyrin n system, are observed [8] . In the Fe" 5-co-ordinate high-spin haems the v(Fe-Im) stretching mode gives rise to a fairly strong band. Its frequency provides information on the status of the bond to the proximal imidazole ligand. Therefore the frequencies of the RR active modes give important information on the porphyrin nuclear geometry and electronic structure.
The data obtained for the representatives of the three classes, CCP, CIP and HRP, together with several key single-site mutants in the haem cavity, will be analysed, and their results compared with the known X-ray structures.
Iron (111) proteins

CCP
The haem cavity structure of CCP is shown in Figure 1 [3] . The distal water molecule, W595, H-bonded to the Trp-51 indole side chain and to the water molecule in position 648 is located 2.4A above the Fe atom. The RR spectra of CCP obtained in solution at neutral pH [9] , and on the single crystal [lo] , are characteristic of 5-coordinate high spin (5-c HS) haem, clearly indicating that the distal water molecule is not co-ordinated to the haem iron.
Expression of CCP in Escherichia coli [CCP(MI)] resulted in no significant differences in the spectroscopic and functional properties of the
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Figure I
Haem crevices of ( a ) CCP [3] and ( b ) ARP [6] adapted to CIP Dotted lines indicate the inferred hydrogen bonds.
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proteins compared with the enzyme isolated from baker's yeast [ 1 1-14] . However, the co-ordination and spin states are markedly affected by the mutation of the side chains of both the proximal and the distal sides of the haem. On the distal side, the absence of the anchoring H-bond between the N atom of the indole ring of the Trp-51 side chain and the distal water molecule renders the protein extremely sensitive to minor changes in the distal cavity. In fact, whereas in phosphate buffer at pH 7 the W51F mutant is mainly characteristic of 6-coordinate high spin (6-c HS) haem [14] affect also the ability of the protein to bind substrates such as benzohydroxamic acid. In particular, F41W and R38K lose the ability to bind the donor, whereas the F41V mutant has a 2-fold higher affinity. These results suggest that the aromatic binding site is found towards the distal rather than the proximal side of the haem [17] . In addition, R38K loses the capability to bind anionic ligands such as F-(Sanders, S. A., Burke, J. F., Thorneley, R. N. F., Bray, R. C. and Smith, A. T., unpublished work).
CIP
Fungal CIP is identical to the recombinant protein expressed in AspergilZus olyzae [19] [20] [21] , which is in turn almost identical to ARP, differing from CIP only by the presence of an additional glycine residue near residue 4 [6] . The structures of both ARP [ 6 ] and recombinant CIP [7] have been solved with 1.9 and 2.6 A resolution respectively. The structure of ARP adapted to that of CIP (i.e. using CIP residue numbers) is shown in Figure 1 .
The RR spectra of CIP in phosphate buffer at pH 7 or in the media used for crystallization are characteristic of a 5-c HS haem, indicating that the the Nd of the bound imidazole. The frequency upshifts when the N'-proton is involved in H-bonding and the degree of the shift depends on the H-bond strength.
The RR spectra of all peroxidases studied so far show the presence of the v(Fe-Im) stretching mode at a relatively higher frequency than the other haem proteins and model compounds (Table 1) Table 1 ) at both acidic and alkaline pHs, some differences are observed. In particular, in CIP the v(Fe-Im) stretching mode is about 15 cm-' downshifted with respect to CCP, implying a weaker H-bond between the N6 and the oxygen atom of Asp-245. This hypothesis is not confirmed by the structural data of the two proteins, which exhibit comparable distances ( -2.9 A) between the two atoms involved in the proximal H-bond. Even if the different imidazolate character could derive from a different geometry of the N'-H-0 H-bond, other parameters influencing the frequency of the Fe-Im stretching mode have to be taken into account [21] . Such parameters are the tilt angle 8 between the Table I procedure used to obtain the crystal does not affect those of HRP C [21] . However, contrary to the ively, other proteins, CIP is extremely unstable in the laser beam, giving rise to 6-c HS and LS haems upon low-power irradiation.
Frequency (cm-')
Iron (11) proteins
In many haemoproteins the haem iron atom is coordinated to the N' imidazole nitrogen of the proximal histidine residue. The v(Fe-Im) stretching mode is RR active only in the Fe" haems and gives rise to a strong band in the 200-250 cm-' region. The frequency of the v(Fe-Im) stretching mode is a sensitive probe of the bound histidine, providing structural information on the haem moiety. In particular, studies on ferrous model porphyrins, containing imidazole derivatives as the fifth ligand, show that the RR frequency, indicative of the bond strength, is influenced by the status of the proton of 
Conclusions
The following conclusions can be reached from a comparative analysis of the RR spectra of CCP, HRP C, CIP and their variants. 
